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(54) Title: PROJECTION OPTICAL SYSTEM AND EXPOSURE APPARATUS HAVING THE PROJECTION OPTICAL SYS- 
TEM 

(54) %m<D^m^: ikmtft^mis^um^mtft^M^m^tzmtftmm. 

(57) Abstract: A projection optical system having good optical perfor- 
mance without being substantially affected by birefringence even though 
an optical material having an intrinsic birefringence is used. The pro- 
jection optical system forms the image on a first surface (R) on a second 
surface (W). Out of the transparent members constituting the projection 
optical system, 90% or more of the transparent members are made of 
crystals of cubic system. Out of all the transparent members, 70% or 
more of them satisfy the condition Pn/En<0.7 where Pn is the diameter 
of the light beam coming from a point on the first surface and falling 
on each surface of each crystal transparent member and En is the effec- 
tive diameter of each crystal transparent member, and the 70% or more 
of the transparent members are so arranged that the optical axis of each 
transparent member substantially agrees with the crystal axis [100]. 
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^m^(Dmmii:m(Dj5.miz\t. ^immyt^^Gi'^^^(D^^m2mm^^^G 

^2mmyt^^G 2 tmsm^yt^^G 3 t(Dm(Dyt^^izi5\,>x^ 2 ^rm^mo) 
m}j^^m(Dj5.mizit. m2mm^^^G2^^'b<D^^m3mmytm^G 3 ^zi^^^ 
'Dxmm'r^rcii><Dm2^^m<omfm.FM2^mm-^nx\^^^o m 1 ^mmis 
j^zsf^2^mmi'i. m 1 ^mfx 0 mn^m,F M 1 t.'m2^mt^^G2 ii(Df^(D% 

^^^^XS'm2^m.%'^^G2 t.'m2%mn'0mim.Fyi2t.(Dfii<D^%^\Z^ 

-^tz.. m,\^m.it^%G\^^n'm3mm.%^^G3\xt.^\z. mMmzms 
tK-^x^Nw^, mti-iint.m.^'^^M'tut^-^7Y-^n\z'i!^^x:s^^\zm=i\z^m. 

^nxi/i^o Spat, m/ig^^^^G 1 §^^T'g>-r^T(Dl/>X43<j:lXm3 
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^ F M 1 43 ct XSW. 2 %mf; D ffi M F M 2 <i: t> \zW-m'^(D K%^m iW, 1 

Wi^^n^2Kmm) ^Wb. 2o©sit®€:wr^ 1 oo^^^w doc^^ 

G^CDtHMAX l*Di;t/m2$S#7t#^G2©^#AX2 <i:— .'^•rjSt^'Scfc^tC 

2 (D|HI®>Klt^CM*5J;a^:feW>XL 2 1 , L 2 2 D MM LTV^^o S 

u9-^)imizmM^\^nr!iJE}f^:ixtixuyxi. 1 6^, i^^^jimizmm^^^^ 

^fc. m2mmytm^G2it. ytcDmnmmzB-oxu^^jvm crut)-^x 
Mm) ^^ibmiz. u^^ Muzmtm'-\^(DBm^\^nrzM.^:=-xiJ7.u>X'L 2 
It. u'^^ji^mizmm^\^^frcM.^:=^xtixu>XL 2 2 1. u^'^jimizm 

•^^iz. ms^^m^^^Gsu. ^(Dmn:ij\^izm'Dxu^^Mw^miz. 

u^^ji'mizdhm^miirrcm^:=-:^:^xu>X'L 3 st. u^^Muz^mm^ 
<^iH]®^ip]tt^Miai/>xL 3 4t. jimiz^nm'^<DmM^\»]i^r:iiE^ 
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L 3 1 1 k5^^;i/#J{;it£i®^[n]tt;^iE^^X;f?XI/>XL 3 1 2 'yx./\ 

NAitMl ('J'x;n#j) igpic^. B«'^xAW±-e(D-r p^— >^ii-— 

FCO#m^, A«^3^S^M^ER(D#^L«^, LX (Ew) 

^Jim^^^mm (112®) Tab'&'^x/\®^cD5t^(DjttT-r'5;^[R]i:imo;/^U5^ 

@ : mm) d «^®(Ditt±rHlPiT7:j:*3-^®rBlRi (mm) (C • D) Ji# 
m H W > XI ^ *5 V ^ T ^ ^ <i: — -r -5 ^ W C *5 ct D^' ^ (D fl^ © # ^ $g ^ $fi © :^ 
^jiSD^, En(^m©l/>X©#®(DW^ii:S (mm) ^, PnJig|55^'tl (f 
;^<j:t>-^#J#:®±(D l.'i^7&^^mrc7fe^;0^^^®{cAltr^i^<7:)7t:*:©i^^^ : mm) 

5^i^;i/#J(ClBl;^>ioTifli®<7)tt^¥tlSriEi:b, IH]®coffl^¥tl^^ <i: UTV^-So 
m3^^7t^lSG3Ttt, l/5^i:7;i/#JtC|p];6^oTIHI®(Dffi^¥^S^iE«hL, 

mz^-DXV^^ (T^^Ct^-^AltfiiJ) tC[R]:;i>i-3TIH]®®ffi^#^^iEiL, 
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i;i^i^i^T^;^[R]) x$>^o 

Lfc^^^X. Tct^it (C • D) = (10 0-0) 7t$fti^^$6 [1 0 

0] t^i—m-r^m:^u>xiz^\^^x. ^(D^^^m [o 1 o] •/}mm:^mzm-D 

Xmm^tlX^^^^lt^M^'r^o *7t> (C • D) = (1 0 0-4 5) it. 7t 

mti^^m [10 0] <i:;^>^^— S!(T'5mHI/>XtC*5V>T, ^(D^^m [0 10] 

'^mm:^mzMi^x4 sm^wrj^oiz^m^nxi^^^^^^MmT^o -rr^t) 

-fe, (C-D) = (100-0) (DM^U>Xt (C-D) = (100-45) 

(D^^uyxtit. mmm [10 0] <DU>x^y^mmiyX\^^^^nzti.^o 

*}^, rcii^i:£ (C-D) = (111-0) ytm^m^m [i 1 1] <i:^^' 
— ifc'r^msw'>xic*5ViT, ^©is^w [-111] ■/)mmyumzf^-oxmm 
•^nx^^^z-t^M^-r^o ^rc. (c - d) = (i i i • e o) it. yt^t^ 

[111] h^^-wc-r^m^u>x\z^\^^x. ^(d^s^is [-111] 
my^mzMi^xe om.^u-t.koiz^m^nxi^^^z.t^Mf^'r^o tn.t>%. 

(C-D) = (111-0) (Dlk^VyXii (C-D) = (111-60) CD^ 

^vyxiiit, [111] (Dv>x^7^m^\^x^^^:it.\zn.^. 

uid. ±j^<Dnm^mD(Dmmiz)^^^x. mm:^U(DmMit-r^x(Du>xiz 
Mi^x^mx^^!i^^mitr^<. rztPLit^u>x^y(Dm&x^mx$>nitj:\.^o 
^Tz. ^m:^mzM'r^nmiYm(DM^^f.i:^w^m^mit. m^m [100] 
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(Du>x^r(Dm^\zm^^ [0 1 0] \zm.^-^n^:iLu< . [i i 
1] (Duyx^ycDm-^iz^^m c-i i i] izm.^-$n^:iiiTj:<. r^iiPLU 

A = 1 5 7 . 6 nm 
j3 =- 0 . 2 5 
NA= 0 . 8 4 5 
B= 1 3 . 7 mm 
A= 3 mm 

LX (Ew) =2 2 mm 
L Y = 5 mm 





r 


d 


(C • 


D) 


E n 




P n 








172. 1769 






109. 


6 


0. 


0 




1 


400.0235 


41. 8662 


(100 


• 0) 


188. 


9 


75. 


2 


(LID 


2 


-347. 1859 


1.0000 






190. 


5 


82. 


8 




3* 


-600.0000 


18. 0000 


(100 


• 0) 


190. 


1 


83. 


1 


(L 1 2) 


4 


-750. 0000 


1. 0000 






193. 


2 


86. 


4 




5 


-3025. 0000 


32. 5027 


(100 


• 45) 


193. 


5 


86. 


8 


(L 1 3) 


6 


-234. 6874 


85. 1493 






194. 


3 


91. 


0 




7 


113.4563 


30.0000 


(111 


• 0) 


136. 


7 


91. 


9 


(L 1 4) 


8* 


149. 1516 


96. 6080 






122. 


9 


84. 


1 




9 


-73.6173 


20.0000 


(111 


• 60) 


85. 


3 


65. 


6 


(L 1 5) 


10 


-989.6932 


10. 7493 






110. 


6 


71. 


4 




11 


-160.7004 


35. 0000 


(111 


• 0) 


113. 


2 


73. 


5 


(L 1 6) 


12 


-95. 3602 


50. 7412 






132. 


9 


84. 


1 





wo 03/036361 PCT/JP02/10454 

-24- 



13 


-424. 


3704 


37.0769 


(100 • 0) 


179.4 


85. 


5 


(L 1 7) 


14 


-146. 


7977 


1.0000 




187. 1 


88. 


3 




15 


776. 


8772 


34. 7330 


(100 • 45) 


189.7 


86. 


3 


(L 1 8) 


16 


-288. 


5244 


35. 5981 




189. 1 


80. 


8 




17 


247. 


7452 


23. 2315 


(100 • 0) 


157. 1 


62. 


4 


(L 1 9) 


18* 


1266. 


8867 


86.0000 




149.9 


54. 


1 




19 


oo 


-344.3312 










(FM 1 ) 


20* 


160. 


0000 


-28. 0000 


(111 • 60) 


181.8 


181. 


2 


(L 2 1 ) 


21 


1039. 


6240 


-41. 9146 




220.8 


220. 


6 




22 


170. 


0000 


-22. 0000 


(111-0) 


226.6 


226. 


3 


(L 2 2) 


23 


320. 


1540 


-23.0904 




279.2 


274. 


3 




24 


214. 


3847 


23.0904 
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278. 


6 


(CM) 


25 


320. 
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22.0000 


(111 -0) 


280.0 


274. 


3 


(L 2 2) 


26 


170. 


0000 


41. 9146 
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226. 
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27 


1039. 


6240 


28. 0000 


(111 • 60) 


231.4 


220. 


6 


(L 2 1) 


28* 


160. 


0000 


344. 3312 




194. 5 


181. 


3 




29 


oo 


-107.9714 










(FM 2) 


30 


-35622. 


5326 


-27. 1721 


(100 • 0) 


161.3 


66. 


0 


(L 3 1 ) 


31 


255. 


2732 


-1. 0000 
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74. 


9 




32 


-235. 
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-29. 1962 


(100 • 45) 


177.9 


77. 


7 


(L 3 2) 


33 


-3051. 


6986 


-48. 5453 




176.7 


81. 


1 




34 


-199. 


4066 


-40. 0000 


(100 • 45) 


169.4 


92. 


7 


(L 3 3) 


35 


-459. 


7296 


-27. 0927 
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4 




36* 


287. 


3970 


-18. 0000 


(100 • 0) 


154. 1 
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6 


(L 3 4) 


37 


-220. 


0062 


-184. 2361 
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96. 


7 




38* 
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0000 


-25.0000 


(111 -0) 
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185. 


7 


(L 3 5) 


39 


281. 


6929 


-42. 3986 




209.0 


193. 


2 




40 


-245. 


7289 


-29. 9440 


(111 -0) 


224.5 


223. 7 


(L 3 6) 
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41* 


-751. 7736 


-25.0557 






221. 


8 


221. 


7 




42 


oo 


-5.0000 






222. 


1 


221. 


8 


(AS) 


43 


-377. 9882 


-44. 5303 


(111 • 


0) 


227. 


8 


221. 


9 


(L 3 7) 


44 


465.0394 


-24.9317 






226. 


2 


218. 


8 




45 


190. 2750 


-25.0000 


(111 • 


60) 


225. 


2 


215. 


9 


(L 3 8) 


46 


290. 8465 


-1.0000 






234. 


0 


220, 


9 




47 


oo 


-26. 0925 


(111 • 


60) 


231. 


0 


215. 


1 


(L 3 9) 


48 


511. 4816 


-1.0000 






230. 


0 


212. 


7 




49 


-359. 2933 


-31. 7546 


(100 • 


0) 


217. 


8 


199. 


2 


(L 3 1 0) 


50 


3025. 0000 


-1.0000 






211. 


6 


190. 


5 




51 


-159.8173 


-35. 0702 


(100 • 


45) 


184.8 


166. 


3 


(L 3 1 1) 


52* 


-692.0711 


-1.0000 






171. 


5 


148. 


8 




53 


-144. 3846 


-32. 5926 


(100 • 


45) 


150. 


3 


130. 


9 


(L 3 1 2) 


54 


-556.7937 


-3.9828 






129. 


6 


104.8 




55 


-864. 1658 


-30.0000 


(100 • 


0) 


123. 
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0 


(L 3 1 3) 


56 


oo 


-19.0000 
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K = 0 . 000000 
C4 = - 0. 602153X10-^ 
C8 = - 0. 372433X10"^^ 
Ci2 = - 0- 1 4 4 7 9 5 X 1 0"^^ 



Cg^O. 642542X10-^2 
Cio = - 0. 480060X10-21 
Ci4=0. 574983X10-^° 



8® 

K = 0 . 000000 

C4 = - 0. 226135X10-^ 



C6 = - 0. 397050X10-'^ 



wo 03/036361 PCT/JP02/10454 

-26- 

C8=0. 311311X10-^^ Cio = - 0- 1 6 7 2 7 8 X 1 0-1^ 
Ci2 = - 0. 5 3 5 6 4 3 X 1 0-22 q^^^q 4 5 3 8 6 8 X 1 0-26 

1 8® 

K = 0. OOOOOO 
C4=0. 106013X10'^ 
C8=0. 763337X10'^^ 
Ci2= 0. 257865X10-2'' 

2 0® (2 8®<i:lRl— ®) 
«; = 0. OOOOOO 
C4 = - 0 . 168137X10-"^ 
C8 = - 0. 1 10295X10-1^ 
Ci2 = - 0. 385364X10-25 

3 6® 

K = 0. OOOOOO 
C4=0. 5 6 6 4 2 1 X 1 0-^ C6 = - 0. 1 4 4 2 8 1 X 1 0-12 
C8 = - 0. 4 0 7 5 4 9 X 1 0-1^ Cio=0- 1 5 0 4 2 0 X 1 0-2^ 
Ci2 = - 0. 1 4 4 7 2 2 X 1 0-24 Ci4= 0. 2 1 0 3 5 1 X 1 0-28 

3 8® 

K = 0. OOOOOO 

€4=0. 2 4 3 3 2 9 X 1 0"'^ C6= 0. 4 3 2 7 4 4 X 1 0-12 
C8 = - 0. 4 0 1 0 7 4 X 1 0-1^ Cio=0. 4 4 7 3 7 8 X 1 0-21 
Ci2 = - 0. 1 3 1 3 2 2 X 1 0-25 Ci4=0. 6 6 6 7 4 0 X 1 0-3^ 



C6 = - 0. 208393X10-13 
Cio = - 0. 158517X10-20 
Ci4 = -0. 1 58940X10-2 



C6 = - 0. 321045X10-12 
Cio=0. 142977X1 0-22 
Ci4=0. 281223X10-2 



4 1® 
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K = 0. 000000 

C4 = - 0. 1 4 6 7 3 3 X 1 0-^ C6=0. 1 4 2 4 5 2 X 1 0-^2 
C8 = - 0. 1 0 4 7 3 8 X 1 0-^^ Cio=0. 5 6 6 1 7 5 X 1 0-2^ 
Ci2 = - 0. 2 1 3 3 0 8 X 1 0-26 Ci4=0. 1 4 3 9 6 8 X 1 0-3° 



5 2® 

« = 0. 000000 

C4 = - 0. 338977X10-^ 

C8= 0. 436295X10"^^ 
Ci2=0. 125962X10-24 



C6 = - 0. 585831X10-^2 

C 10 = - 0. 477058X10-2'' 
Ci4 = - 0. 112458X10-29 



D 2 1 = 28 mm 
D 2 2 = 2 2 mm 

(1) Pn/En = 0. 4 0. 0. 4 3 (L 1 1 
Pn/En = 0. 44, 0. 4 5 (L 1 2 
Pn/En = 0. 4 5. 0. 4 7 (L 1 3 
Fn/En^O. 6 7. 0. 6 8 (L 1 4 
Pn/En = 0. 6 5, 0. 6 3 (L 1 6 
Pn/En = 0. 4 8, 0. 4 7 (L 1 7 
Pn/En = 0. 4 6. 0. 4 3 (L 1 8 
Pn/En = 0. 4 0, 0. 3 6 (L 1 9 
Pn/'En = 0. 41, 0. 45 (L 3 1 
Pn/En = 0. 4 4. 0. 4 6 (L 3 2 
Pn/En = 0. 5 5. 0. 5 8 (L 3 3 

(2) Pn/En=l. 0 0. 1. 0 0 (L 2 1 
Pn/En=l. 0 0. 0. 9 8 (L22: 
Pn/En==0. 91, 0. 92 (L35; 
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Pn/En=l. 0 0, 1. 0 0 (L36) 
Pn/En=0. 9 7, 0. 9 7 (L37) 
Pn/'En= 0. 9 6, 0. 9 4 (L38) 
Pn/'En=0. 9 3. 0. 9 3 (L39) 
Pn/'En = 0. 91, 0. 90 (L310) 
(3) D 2 1 /D 2 2= 1. 2 7 3 

MBl^'^^L^^^l 5 7 . 6 nm^. mm.\tl 5 7 . 6nm+lpm=l 
5 7. 6 0 1 nm^, —j^^Mitl 5 7 . 6 nm- 1 Dm= 1 5 7 . 5 9 9 nm 

15 7. 6nm±l vnKDm^^iZMVT^HRm-^^^mzmiE^nXl^^^ :i ii:^^ 



im 2 mmmi 

ll2||»J{C*3(.iTt), i^Stgy^^n 5 7. 6nm±l pm(D®^>16(::^L/T'feiR 

m2mmm(Di^M^^^PLii;i. msmiz^-r^^iz. 2-q(di/>xl 1 1*3 

0~L 2 2 t^-'t^fJ:^m2 U>XUG 1 2t. 1 3fla<Z)l/>XL 3 1 ~L 3 1 3 

i)^^rji^m3 u>xmG 1 3 t^^^m^-^tixi^^^o :iz.x\ mi u>xmG i 
1 hm2 uyxuG 1 2 hit. w> 1 mzum.-^fitz.u'^^ )VR(Dj^^—y(D^m 

IS 1 U>XS¥G 1 1 hm2 VyXUG 1 2 i(DrBl(D7tii§4'{C(d;, m 1 U' 
>X^G 1 1 i}^^(D%^m2 UyXm-G 1 2 JC|p)7j>^oTMfS]-r-&7ti6®^l7feSS 
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G 1 3 ii(Dm(Dyt^^izi5^^T^mm.<DmfiziiLm(Di&mz{:i. si 2 u>xmG 1 
2^^ib<Dyt^m3 u>xmG 1 3 \z\^^^'z>xm\^r^rc^(Dm2ytmfTijmfm. 

FM2 t(Dm(D^^^izmfj^'^ri^o 

1 ^WL, 113 U>X^G 1 3M^iyc{cMtNTc#— <D^$AT^cj:t)-feS^^lttA 
IfiAX l±{c43liT7K^®(C?t^oTg5B^nT^0> ^3 1^>X^G1 3 

— ^2 |/>X^G 1 2 feit^t^l^j^C/TtTfeMAX 2 ^Wb, ^KD^iftAX 

1 UyX^G 1 l:fe<i:l5B3 1/>XS^G 1 3 X^i:' ^^U^^^ZSiEmo^y y 
/t— ;Ufn^, ^2 1^>X^G 1 2 (D|HI®>Klt^CM43<i:2>'A W>XL 2 1 , L2 
2lCj;Dffi{tLTVi^o 

llil/>X#Gii«, l/^^^;i/#J;^>^e>MJc:, l/5^^;i/M(::iHI®&[S]ttfciEp< 

XL 1 2 iJ^^^^^^^tlTVi^o 

S^c, m2^>X^G12(i, 7t(Z)3ifTaig&{C?t^-oTl/5^i^;i/#J (T^'cC^^SA 

MJ) /0^e.JiIStc, lx5^^;uMtca®^[B]ttfcIE^nx;^Xl^>XL 2 0 l/^ 

^;KHij{ciH]®^[^tt^cA^nx;tfxu>XL 2 1 .t. jumizmm^^^iffz. 
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^x./\mizmtm(Ddhm^\^nr^M.y^=-xt!xu>XL 3 4^:, u^^^jvm^z 

Mm^(Dmm'^\PiifrciE^::^Xt}X\y>X'L 3 7 mnf^K> AS ox./\m 
iz4¥Mm^(D\Bm^\^i1rrciE:^=:-XtlXU>XL 3 8t. M^Wz^^^m^ 
©ifIjM^f^frtrci^dbl/>XL 3 9 t. ^ X./\m^zmtm'^X(DBM'^\^nrciE^ :=. 
XtSXVyXl. 3 1 0 <i:, )Vm\Z^m^^ntciE:^ZL7.tiXUyXl^ 3 1 

1 <h, ^:£.;\m\z^m^^nti^^\^yxi. 3 1 2 ^jL/\m\z^'^^\p\nrc 

^, NA^SMJ ("^X/NtiJ) muWL^> B«'^X/NW±T(D-<P^->?1t— i7;H 
F(D¥I1^. AJi^^®^M^ER(75|i^LM^, LX (Ew) «ll$ei®7fe« 

^)vmfi^'bmM (^2®) x:^^ox.j\m^(DytU(DmnT^:f5\^\z^':>rz.u^ 

# : mm) ^, d t3:^®(Dfft±rBTPi-r;^ci:t3-&®rBTIS (mm) ^> (C • D) il# 

^f4BD^, En«m5U'>X(Z)#®(DW^lfitl (mm) PntM:J>t5 (T 
7:j;^3-^J^#:®±(D l.-^;^)^6myt7tm:0^^a-®t-AitT'5<h^®7t:^(Dil:tl : mm) 
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:^^<iSD«, ^^$ftC/{>t$g^|ft [111] X^^ii^. tz.ii^\t^^ 

m [-111] (Dmmio mzn-t ^ n^x ^ Ki ^ ^^mcti^^^m [i 0 o] -e 
^^h^. T^hTLum^^ [0 10] <Dmm:fjmzif^'t^nmx^^o c^it\ 

4ott^«2p^{4^i+ Y>^|p]-ea& D> ^2^>xi¥Gi 2 \z^\-y mtY z 

^mp^xm2 v>xmG 1 2(D%m\zmuuij\^x^-DX+zm\z\u\nibnrz.y3 

VTz^^-oX. rctpH:£ (C • D) = (10 0-0) ^lft<i:IS^Ii [1 0 

0] ^iA^-^T^m^u>xiz^^^x. "to^m^m [o i o] ^mmz^mzB-^ 

TlHfi$nTVi§^<h^ici*T^o ^Tc. (C • D) = ( 1 0 0-4 5) it. % 
$A<i:^^ttl [10 0] t.i>^—^-^^WavyX\z^\^^X. ^(Dm^m [0 10] 

i:,%mm-ijmzn\^x A ^^•^u-t^^\zMm.-^nx\^^'^t.-^MMrr^o r^ct^^ 

■fe, (C-D) == (100-0) ©m5U>Xi: (C-D) = (100-45) 

(D'm.'^v y X [10 0] (Dvyx^y^m^\^x\^^z.t.\zu^. 

^rc. fztxit (C-D) = (111-0) ^m^^^^ [111] 
-Bct^m^uyxiz^i^^x. ^(Dm^m [-111] f)mm:^mzm'oxmm 
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^nxi^^ct^Mf^T^o S7t. (c • D) = (111-60) ^mtm 
[111] ^^^~m-r^m^uyx\zi^ux. ^©j^ais c-i 1 1] 

(c-D) = (111-0) (Dik^uyxt (c-D) = (111-60) on 

ei/>Xch«, ^^16 [111] <DU>X^7^mi^LX\^^^:it\ztji^o 

^Tc. mmyfmznT^Ams^m(DMMiiu^n^m^m\^. m^m [i o o] 
(Duyx^yo^m-^^zmm^^ [o i o] izm^-^n^z-tr^K. m^m [i i 
1] (Du>x^T(Dm^izm^^ [-111] izm.^'^n^:itr^<. rc^^i^ 
^u>x^7<Dm^xm^izm^^mx$>^o m2mizm'r^2mmm\z 
^^^^^^^yt^mzi^i^^x. miu>x^Gi KDyt^Axi tm3u>xmG 

1 3(D3t$iAX 3 tU. ^2 UyXmC 1 2©^$ftAX2 {CfD^-D^c;^[p]{C*5ViT 

A = 1 5 7 . 6 nm 
i3 =- 0 . 2 0 
NA= 0 . 8 5 
B = 1 6 mm 
A= 6 mm 

L X (Ew) =2 5 mm 
L Y = 4 mm 

r 

(i/5=-^;u®) 

1 -36367.4518 



d (C • D) En P n 
55.0000 160.0 0.0 

20.0000 (100 - 0) 179.0 18.9 (Lll) 
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4M 

/c = 0, 000000 
C4 = -0. 171501X10-^ 
C8 = - 0. 319359X10"^^ 
Ci2 = - 0. 591578X1 0-2^ 



C6=0. 289616X10-^2 
Cio= 0. 365520X10-22 
Ci4=0. 277385X10-3° 



2 2m 

K = 0. 000000 
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C.= 0. 3 5 2 7 9 7 X 1 0"^ C«=0. 3 2 6 0 9 5 X 1 0-^^ 



C8= 0. 168419X10 



-16 



C 10 = - 0. 178654X10 



-21 



Ci2= 0- 247299X10 



-25 



Cx4=0 



2 4® 

K = 0 . 000000 
€4=0. 173821X10"^ 
C8= 0. 290071X10"^^ 
Ci2 = - 0- 127257X10-2 



C6= 0. 562009X10-^2 
Cio= 0. 891793X10-22 

Cl4=0 



2 7® 

«; = 0. 000000 
C4= 0. 422508X10"^ 
C8= 0. 186795X10-^*^ 
Ci2= 0. 825654X10-26 



C6 = - 0. 557914X10-^2 
Cio = - 0. 373550X10-21 
Ci4 = - 0. 345254X10-3° 



3 3® 

/c = 0. 000000 
€4 = - 0. 199219X10-^ 
Cs = - 0. 183004X10-'^ 
Ci2 = - 0. 2 4 0 9 3 6 X 1 0-26 



C6= 0. 205130X10-^3 
Cio= 0. 133382X10-22 
Ci4 = - 0. 7 7 2 4 0 6 X 1 0-31 



3 6® 

K = 0. 000000 
C4 = - 0. 290300X10"^ 
C8 = - 0. 139940X10-'^ 
Ci2= 0- 416631X10 -25 



C6 = - 0. 721200X10-12 
Cio = - 0. 114214X10-2° 

Ci4=0 
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3 7M 

/c = 0. 000000 
C4 = - 0. 970779X10"^ 
C8 = -0. 5303 10X10"'^ 
Ci2=0- 7 10645X10-2^ 



C6 = -0. 301841X10-^2 
C 10 = - 0- 102259X10-20 

Cl4=0 



4 0® 

Ac = 0. 000000 



C^=0. 4 1 1 3 5 0 X 1 0-^ C« = - 0. 1 8 8 9 4 7 X 1 0 



-11 



C8= 0. 442046X10 



-16 



Cio = -0. 214186X10 



-20 



Ci2= 0. 861492X10 



-25 



Ci4=0 



D 2 1 
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D 2 2 
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Pn/En^O. 9 5, 0. 9 4 (L39) 
(3) D2 1/D2 2 = 1. 7 14 

mm , mm^tfp 'bl^m 1 5 7 . enm^. mm\tl57. 6nm+lpm=l 
5 7. 6 0 1 nm^. —j^MBitl 5 7 . 6 nm- 1 pm= 1 5 7 . 5 9 9 nm 

^^n^'ti^LTVi-5o m^m^^^m^-^^Tji^^iz. m2mmmizid\^^x%. m. 

SiHz&n 5 7. 6 nm± 1 pm©«3t^(C^LTfeiiXll55^^^$f l^MiE^nxVi^ 



^ZSMiiim<DM:ljiZiD\^^X^^^ (1) ^m^t^M^UyX (LI 1~L 1 4, 
L16~L19, L31~L33) <DM^\tl ITfeO, ^©^)-^©l5 8 2 %13 
IB^t"^ 9fla©^5l/>X (L 1 1 ~L 1 3 . L17~L19. L31~L3 

3) izidi^^x. ^(Dytmtm^m [10 0] t:fy^-'^r^<koizw.m-^rix\^^^o 

^ift [10 0] L^—^-^'^^mi^^umx^x^^^cDx. -xumv y x\zm.m-t 
^ :ii^i)mmu^^Mi [10 0] (D^rvyxomm-ii^^Bi^zf^^o ^rz. mw 
m'^rMm.m(Di5.m\z^^^x^^m [i o o] (D^rvyx^^m-r^zt-titx 

^-r^^^UyX (L21~L22, L35~L310) (D/^icfi 8 Tib 0 > ^ 
©3-^0^8 8 %{C+@S-r^ 7{|iCDm^rU>X (L21-'L22, L35~L3 

9) iziii^x. ^(D^mtm^m [111] t7t)^-'^r^^o\zmm-^nx\^^^. 

z<D^viz. mimmmxit. mm (i/>xl 1 5CD#)a, mm^Mmcu, 
mnf^oAs) (Dm.m^zmm•^tlrcit^&i}am(D:k^\^^uyxmizytm^^^^m 
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[111] i:^— sfe$i^§ts^^fifflL.Tv^^(DT\ m^xititm^omo)/]^-^ 
^^M^vx±D1^u>x^zmmT^^t:fymmrJ:^^^ [loo] (d^7u>x 

<Dmm^^^M,izu^o ^r^. mi^w^rc}i^mm<Dj5:mizi^^^xx\tfsi< . bis© 
jfi^ic43Vix^^$4 [111] (D^ruyx^mm-r^ox. mr^i^fc^oizm 

8 %lC+a^T'g> 1 4fla®m5I/>X (L 1 1~L 1 3, L17~L19, L3 1 

~L 3 4, L 3 1 o~L 3 1 3) ti, ^(Dytmiz^^m [10 0] ^ifimt—m. 

T^^o\Z^W^n. at?2 5 Ommi^;lT(OW^it^^W-r§. Z.o\^X. ^1 
HWflTii. ±W(Dm'^^<D^^]^>X\zM\^X. 2 5 Ommi^ATcDW'^ 

itt^^wr^it^e^/jNP^©S5i/>Xtc*fbT, is^lA [10 0] (D^Tuy 

x^mm-t^^t-ii^x^^o^x. 'B,^mn.miJx(Dmm^^mz{&rr^:Liiifix 
mimMMxit. BMRMm.cM<Dj5:mizmm^nr^-'M<DMu>X'L 

2 1 <i:L 2 2 (hTJlS^lft [111] (D^7 UyX^mi^V. M.U>Xh 2 1(D^ 
^L-mD 2 1 iiM.U>Xh 2 2(D^>\::'mD 2 2 h7!)^^^^ (3) ^^^^LTV^^CD 

m2mmmxit. AM'm^^zsMtiim(DMyj\z^\f^x^^^ (d 

&T^m^U>X (L11~L12, L31 ~L 3 4, L 3 1 3) C0'^mt7X 
$,0. 't(Dot>(Dl 0 0 %tCffi^-r§ 7l®0m5l/>X (L11~L12, L3 

1--L3 4, L3 13) iz^i^^x. "toytmt^^^m n 0 0] ti)^—mT^j^ 

:i(D^^iz. m2mmmiz:ii\^^xh. mwm ^rdtmm (^m 

mmmmi^^zs^j^^\m) (DjS:mizMm-^nrzitmmm^(D/i^^^^u>xmizyt 

m^B^^ [10 0] i^— i!t$-t5-^li^^SfflbTVi§<D-e. i^nmuyXiz 

mm-r^z-L^mmrjim^m [loo] (D^ruyxomm^^^izfji^o ^r^. 
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^■r^m^]y>X (L20~L22. L36~L39) (D'i^m^ 7 X $> 0 . ^(D 
'^•^(DmS 6 %fCt@^-r'5 6fla©^5U'>X (L20~L2 2, LSS-'LS 

9) tc43(/iT, ^(D^mL^^^m [111] t-^^—wi-r^.ko\zmm^nx^^^o 

:i(D^^iz. m2mmw'\iz^^^xh. mm mmRumcu, f^ip^das) 
(DjBimiz^m-^nrc\tmmDm<D±^\,^u>xmz^m^^^m [i i u 

m^i^^m [10 0] h^—Mc-^i±^m^^mm-r^z.t\zrjiK>. m^ti^xi^ 
nmuyxizmm-r^ct^mmuf^B^ [loo] (D^Tu>x<Dmm-f)^^B 
\zu^o ^fc, !^i^m^rcitm.m<DT&miz^^^xxmji<. mm(Dj&miz:io\,^x 
m^m [111] (D^7u>x^m.m'r^(Dx\ mmi^rcj^o\z'^^e^^\tm 

6 %J::ffi^-r'5 1 Oj@<D^5l/>X (L 1 1 ~L 1 2, LSl-'Lae. L31 

2~L3i3) ti, ^(D^m^m^^ [100] hm^\t—^'t^^o\zum.^ 
n> E.O 2 5 ommi^Tow^iiitts^w-r^o ^ohx. ^ 2 mmm\z^^^x % . 
^w-(Dm^w^(Dm.^vyx\z$^\^x. vi)^^2 5 omm^-r(D^mm.^^m^^ 
\tmmn'^n'^(Dm.^vyx\znL^x. ^^fft [100] co^ruyx^mmT^ 

^fc. m2mmmiz^^^xh. \HimKMm.cu(Dj&miznm^nrc-'M(DMu 
>XL 2 1 ,hL 2 2 txm^m [111] (D^7u>x^m0ziy. m.u>xl 2 

KD^'bmD 2 1 tM.U>Xh 2 2(D^jL-mD 2 2 t^m^^ (3) ^m&Lx 

i^^(Dx\ m^(DmmiRo:)mm^^^M\zis.m'r^^t^^x^^o 

Uio. m2^mm(D^ 1 V>XmG 1 1 X\%. — ^® 1/>XL 1 1 <i:L 1 2 <h 
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TlS^lft [10 0] (D^7U>X^mf^l^X^^^:^i. UyXL 1 KD^mt—^i 

(Dm^mmi)f(DmtiyX. 2ooi¥7^i8 aizm^^tir^iu v 4 ^zmf 

v > 4^ V 3. A (Internal ional-SEMATECH Calcium Fluoride Birefringence 
Workshop) 43 (/>T, Tl^fflNI S T (National Institute of Standards and 
Technology) (D John H. Burnett ^ J: o T^S^ V^T^i^o 

2). yy^tV^^A (L i F), yyit-Th^J^A (NaF), yyitXhti> 
(SrFg) tSi^^mi^^^^lthX^^o Z-CDm-^. y^itn^J^A (B 

a F2 ) f<ii^(Dm^m:^^h:^mm\z'i^t'Dx^m^n^z.h^w^v^^. 
^Tc. ±m<Dmmmmizi}^-^^^^myt^^<Dm^<Dmmmutvxi-ii. y^it 

tiJVz^O/^'Pyyit/'^VOAU^cDiLyjB^lzmiyK^l 6 Onm^TO&SO 

mzM\^x^}^'\i^m-t ^mom^z. y ym'p7Kmm-^^\^—'^'^nx 1 eon 
m]^y(Dt^^(Dyt\zMi^xmT^\i^^'r^^m^m^m^^^z. t^^x^^o z.(d 

mm'^mizw::>rcib(D/'^-zymtiyX^m'^mx$>^o 
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torn. ^iZ±<Dl^^^<Dm^/^^ — >(Dmf^m^ff^Z.tiZj;:'DX. 

mi^m'<D5^/^-i x^mm^n^o ±m(D^m^i$i^ji^ xmm.:/jmz^nit. mit> 

^-So /ci:43, Xt^^:/ ^3 0 1 t'S 0 5T«, '^XA±J::^S^^#L', 

X\^^ti^. Z.n^CDlLWiZ^tL'oX. -^XAil^vU nXD^YbM^J^fifet^. ^ 

X@ §tT o T ^ d i: « e> S T Vio 



wo 03/036361 PCT/JP02/10454 

-42- 

ts'y — y ^ JV^ — 'f^l^JLUA 0 21:\^. R (Red), G (Green), B 
(Blue) \zn)^^\^tz.3'D(D^yV(Dm.t^'^h^)y^Xmz^mMm-^nr:LK). * 

-?^^xig4o zizx^i^^nr^io^-y ^ )i^-ii(Dm\zm^^^xi.x. 

xmmrj:}si^/'^^->^^'r^mmm^mi^^:^)\^-':^y h^<n^:iiif)^x^ 

±m(Dmmmmxit. m^mm\z^m-^n^^myt^^\zMvx:^mm 
^mmvxi>^-A^. zLtuzmm-^n^zLtuK. m(D-'^&otiii&m^^mzMv 
x:$^mM^mm-r^^thx^^o ^rz. ±m(Dmmmmxit. i5 7nm(Z)& 

fztXitl 9 3 nmCDjKft^^#^|^T^A r F X^v^'n' 12 6 

r 2U--^-ytmuE^m^^^:ithx^^o 



wo 03/036361 PCT/JP02/10454 

-43 - 



wo 03/036361 



PCT/JP02/10454 



-44- 

m M (D ^ m 

Pn/En<0. 7 

7 0 %i^>^±©^<D^a^MMM«. ^<D7t*fii:M^f4 [10 0] <i: IS— iSct- 
Pn/En>0. 9 

(Dm^^^A$r^[m^^zsmmm(DM:^^zi^\^^xm^'r^^^^mmm(Dmw^<D 
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^(D^iftchj^aw [10 0] Lm^i^—m.T^^^izmm-^n. ja^2 5 0mm 
?^^$nTiuie^iMi/>XL 2 1 tmmmmKmmtomo^m^iz^m^n 

Hutsm l:fe^>XL 2 1 (D^L-m^D 2 ILL. mm^2M.]y>XL 2 2(D^ 

'\>m^D 2 2 ft^tt. 

1, 2<D2 1/D2 2<2. 0 
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[111] m<Dm^mm$^^m^^'bhvxm6 omtc^m 

1 ^^>XL 2 1 <i:HulB^2ft I/>XL 2 2 ^©T^fft <^:IS^*4 

[10 0] <h (S— i( L , 'te®^^$^7^^WH7fe$^^4''L^<i:LT*^J4 S^fctt^B 
M } ClHl L S M ^ W T -5 -5 t C SB B $ n T V i ^ :i i: § # ^ f § S Tfe 

suiBH 1 ffi<htuiBM2S(i:(DrBicD^5§4'(cSB«$n;^ii 1 u>xmt. 

MlB^ 1 l^>X#^MIB|g2 M«h(Z)P0l(D^g§4'{cSB«$nfc|g 1 Rlf^mt. 

mum 2 uyxuhmuw, 2mt.(Dfi[(D^^^\zum-^nr^w, 2 Kmmii. 
mum 2 K%^miimuw, 2mii(Dm(Dm^^\zum.^nrz.m 3 x^yxm^^m 

MtB^ 1 \yyxm%. $>^^'^(D^^m(DWL'^:^\^i)mm.mz%f^^ 2 ^(dm 
±izj^!^'r^^m^^mizi^^^x. 
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HfjiB^ imt mum zmtco mcD^^ ^ \z^m ^ nr^m luyxmii. 

mum 2vyxmt mum 2mt(Df^ ©^ss ^ $ 2 kmm t , 
mum2 vyxmtmum^ uyxmt.(Dmo^^^\zm%^mim<D—'A^m 

1 0 . m^ommm s m^rcum 9 ^{;iiE«©^j^7t#^ic*5v^T, 
MiB^i i/>x^ti, ^$*<h^^$i& [10 0] tm^\^—^i^. 

izmm-^tir^-Mommmu^^'r^^it^wmt'r^^m^^^o 
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1 3 . m^(Dmmm i mn^B i 2 moDi^^-rn^^ 1 m^zmmoyn^yt^mzi^ 

15. tulB^ l®i^iS^^nfc-x'X:i7^MBJb, W^OigfflB 1 JSTl^MH 1 3 

3S (D V i -rti 1 js t IB « © s ^ # ^ ^ ^ L T Bu iH -7 X ^ I ^ ^ $ n ^ A ^ - > 
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[2 0 03^03^103 (10.03.03) H^^^^SS : i&f Ll^iS*G)iSiai3- 
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1. The invention of claim 1 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 70% or more of the transparent 
members satisfying the condition at both the entrance and exit surfaces 

Pn/En<0 . 7 

where Pn is the diameter of the light beam coming from a point on 
the first surface and falling on each surface of each transparent member 
made of the crystal and En is the effective diameter of each transparent 
member are so arranged that the optical axis of the transparent member 
substantially agrees with the crystal axis [100]. 

2. The invention of claim 2 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 60% or more of all the transparent 
members satisfying the condition at both the entrance and exit surfaces 

Pn/En<0 . 9 

where Pn is the diameter of the light beam coming from a point on 
the first surface and falling on each surface of each transparent member 
made of the crystal and En is the effective diameter of each transparent 
member are so arranged that the optical axis of the transparent member 
substantially agrees with the crystal axis [111] - 

3. The invention of claim 3 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 

20% or more of all the transparent members made of the crystals are 
so arranged that the optical axis of the transparent member substantially 
agrees with the crystal axis [100] and have an effective diameter of 
250 mm or less. 

The invention of claim 4 is an invention of an independent claim 
referring to any of claims 1 to 3. 

4. The invention of claim 5 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second 

surface and having and a concave reflecting mirror and a round-trip 
optical system, a second reflecting surface disposed in the optical path 
between the second lens group and the second surface, a third lens group 
disposed in the optical path between the second reflecting surface and 
the second surface, and the round-trip optical system comprises a first 
negative lens L21 made of the crystal and a second negative lens L22 
made of the crystal and disposed in the optical path between the first 
negative lens L21 and the concave reflecting mirror and satisfies the 
condition 

1 .2<D21/D22<2 . 0 

(continued to extra sheet) 
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where D21 is the center thickness of the first negative lens L21 and 
D22 is the center thickness of the second negative lens L22. 

The inventions of claims 6, 7 are the ones of independent claims 
referring to claim 5. 

5. The invention of claim 8 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having and a concave reflecting mirror and a round-trip optical 
system, a second reflecting surface disposed in the optical path between 
the second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface, and the first lens group has two transparent members in which 
the preset directions of specific crystal axes are substantially 
different . 

The invention of claim 9 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having a concave reflecting mirror and a round-trip optical system, 
a second reflecting surface disposed in the optical path between the 
second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface along the linear optical axis, 

a first-order intermediate image of the first surface is formed in 
the optical path between the second and third lens groups, and the first 
lens group has at least two transparent members made of the crystals. 

Claims 10-12 are independent ones referring to any of claim 8 or 9. 

Claims 13-15 are independent ones referring to any of claims 1-12. 

However, the technique of fabricating 90% or more of all the 
transparent members constituting a projection optical system from 
crystals of cubic system is publicly known without especially citing 
prior art documents, and there are no technical features considered to 
be special technical features common to the groups 1,, 2., 3., and (4 
and 5) . 

The projection optical system comprising transparent members and at 
least one reflecting mirror and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, the projection optical system further 
comprises a first lens group arranged in the optical path between the 
first and second surfaces, a first reflecting surface disposed in the 
(continued to extra sheet) 
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optical path between the first lens group and the second surface, a second 
lens group disposed in the optical path between the first reflecting 
surface and the second surface and having and a concave reflecting mirror 
and a round-trip optical system, a second reflecting surface disposed 
in the optical path between the second lens group and the second surface, 
a third lens group disposed in the optical path between the second 
reflecting surface and the second surface is a conventionally known 
technique as disclosed in JP 2000-47114 A (Carl Zeiss Stiftung) , 
2000.02-18. Therefore, there are no common technical features 
considered to be special technical features among the groups 4. and 5. 

Therefore, there are no common technical features among the groups 
of inventions within the meaning of PCT Rule 13.2, second sentence - 
Consequently, the groups of inventions are not so linked as to form a 
single general inventive concept. 

Therefore, the groups of inventions do not comply with the requirement 
of unity of invention. 
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